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  ﭼﻜﻴﺪه :
ﺑﺎﺳﻴﻞ ﻫﺎي ﮔﺮم ﻣﻨﻔﻲ ﻏﻴﺮ ﺗﺨﻤﻴﺮي و از ﻋﻮاﻣﻞ ﻣﻬﻢ ﻋﻔﻮﻧﺖ ﺑﻴﻤﺎرﺳﺘﺎﻧﻲ ﻳﻜﻲ از آﺋﺮوژﻳﻨﻮزا ﭘﺴﻮدوﻣﻮﻧﺎسزﻣﻴﻨﻪ و ﻫﺪف : 
ﻛﺎرﺑﺎﭘﻨﻢ ﺑﻌﻨﻮان ﻣﻬﻢ ﺗﺮﻳﻦ داروي اﻧﺘﺨﺎﺑﻲ در درﻣﺎن ﻋﻔﻮﻧﺘﻬﺎي ﻧﺎﺷﻲ ﻣﻲ ﺑﺎﺷﺪ. ﺑﺎ ﺳﻴﺴﺘﻢ اﻳﻤﻨﻲ ﻣﺸﻜﻞ دار  ﺑﺨﺼﻮص در اﻓﺮاد
. وﻟﻲ اﻳﻦ ﺑﺎﻛﺘﺮي ﺑﺎ وﺟﻮد ﻣﻘﺎوﻣﺘﻬﺎي ذاﺗﻲ و ﻛﺴﺐ ﺷﺎﺧﺼﻬﺎي ﻣﻘﺎوﻣﺖ ﮔﻴﺮدﻣﻮرد اﺳﺘﻔﺎده ﻗﺮار ﻣﻲاز اﻳﻦ ﺑﺎﻛﺘﺮي در ﺑﻴﻤﺎران 
  و ﺳﻲ ﻣﻜﺎﻧﻴﺰﻣﻬﺎي ﻣﻘﺎوﻣﺖ ذاﺗﻲاز ﺳﺎﻳﺮ ارﮔﺎﻧﻴﺰﻣﻬﺎ در ﺑﺮاﺑﺮ داروﻫﺎي ﻣﺼﺮﻓﻲ ﺑﺎ درﻣﺎن ﻣﺒﺎرزه ﻣﻴﻜﻨﺪ. اﻳﻦ ﻣﻄﺎﻟﻌﻪ ﺟﻬﺖ ﺑﺮر
  . اﻧﺠﺎم ﮔﺮﻓﺖﺑﺮاي ﻣﻘﺎوﻣﺖ در ﺑﺮاﺑﺮ ﻛﺎرﺑﺎﭘﻨﻢ ﻫﺎ ﺑﺎﻛﺘﺮي  ﺑﻮﺳﻴﻠﻪ ﺑﻜﺎر رﻓﺘﻪاﻛﺘﺴﺎﺑﻲ 
 ﺣﺴﺎﺳـﻴﺖ آﻧﺘـﻲ ﺑﺎﻟﻴﻨﻲ ﭘﺴﻮدوﻣﻮﻧﺎس آﺋﺮوژﻳﻨﻮزا در ﺷﻬﺮ ﻛﺮﻣﺎن اﻧﺠﺎم ﺷﺪ.  ﻳﺰوﻟﻪا 071اﻳﻦ ﺑﺮرﺳﻲ روي روش ﺑﺮرﺳﻲ : 
در ﺣﻀـﻮر ﭼﻬـﺎر آﻧﺘـﻲ ﻣﻘﺎوم اﻳﺰوﻟﻪ ﻫﺎي  CIM .دﻳﻔﻴﻮژن ﺗﻌﻴﻴﻦ ﺷﺪﻣﺨﺘﻠﻒ ﺑﺎ روش دﻳﺴﻚ  ﺑﻴﻮﺗﻴﻚ آﻧﺘﻲ 11 ﺑﻴﻮﺗﻴﻜﻲ ﺑﺮاي
در ﺣﻀﻮر ﻛﻠﻮﮔﺰاﺳﻴﻠﻴﻦ ﺑﺪﺳﺖ آﻣـﺪ. آﻧﻬﺎ ﻧﻴﺰ  CIMﺑﻴﻮﺗﻴﻚ اﻳﻤﻲ ﭘﻨﻢ ، ﻣﺮوﭘﻨﻢ ، ﺳﻔﺘﺎزﻳﺪﻳﻢ و ﺳﻔﭙﻴﻢ ﺑﻪ ﺗﻨﻬﺎﻳﻲ ﺗﻌﻴﻴﻦ و ﺳﭙﺲ 
-2و  ATDEدر ﺣﻀـﻮر   tseT ygrenyS ksiD elbuoDﺗﻮﻟﻴـﺪ ﻣﺘﺎﻟﻮﺑﺘﺎﻻﻛﺘﺎﻣﺎزﻫـﺎ ﻫـﻢ ﺑﺼـﻮرت ﻓﻨـﻮﺗﻴﭙﻲ ﺑ ـﺎ روش 
ﺑﺮرﺳـﻲ ﺷـﺪ. ﺷﻨﺎﺳـﺎﻳﻲ ﻓﻨـﻮﺗﻴﭙﻲ ﭘﻤﭙﻬـﺎي اﻓﻼﻛـﺲ  ﺑﺼـﻮرت  RCPﻣﺮﻛﺎﭘﺘﻮﭘﺮﭘﻴﻮﻧﻴﻚ اﺳﻴﺪ و ﻫﻢ ﺑﺼﻮرت ژﻧﻮﺗﻴﭙﻲ ﺑﺎ روش 
در ﺣﻀﻮر ﭼﻬﺎر آﻧﺘﻲ ﺑﻴﻮﺗﻴﻚ اﻳﻤﻲ ﭘﻨﻢ ، ﻣﺮوﭘﻨﻢ ، ﺳﻔﺘﺎزﻳﺪﻳﻢ و ﻛﺎرﺑﻨﻲ ﺳﻴﻠﻴﻦ ﺑﻪ ﺗﻨﻬﺎﻳﻲ و در ﺣﻀﻮر ﻣﻬﺎر ﻛﻨﻨﺪه ﭘﻤﭗ ﻓﻨﻮﺗﻴﭙﻲ 
ﻫﻴﺪروﻛﻠﺮاﻳﺪ ﺗﻌﻴﻴﻦ ﺷﺪ. ﻫﻤﭽﻨﻴﻦ ﻧﻘﺶ روي در ﻣﻘﺎوﻣﺖ ﺑـﻪ ﻛﺎرﺑـﺎﭘﻨﻢ ﻫـﺎ ﺑـﺎ ﺗﻌﻴـﻴﻦ آﻣﻴﺪ ديﻧﻴﻦ ﺑﺘﺎﻧﻔﺘﻴﻞﻓﻨﻴﻞ آرژياﻓﻼﻛﺲ 
ﻫﺎي ﻣﺨﺪوش ﻛﻨﻨﺪه ﺑﺮرﺳﻲ ﺷـﺪ و در ﻧﻬﺎﻳـﺖ  ﺟﻬﺖ ﺷﻨﺎﺳﺎﻳﻲ ﺟﻬﺶ Drpoﺑﺪﺳﺖ آﻣﺪ. ﺳﻜﺎﻧﺲ ژﻧﻲ ﭘﺮوﺗﺌﻴﻦ ﭘﻮرﻳﻦ  CIM
ﺑـﺮاي ﺗﺎﻳﭙﻴﻨـﮓ و ﺑﺮرﺳـﻲ ارﺗﺒـﺎط  RCP-CIREروش  از ﺑﺪﺳﺖ آﻣـﺪ.  RCP emiT laeRﺑﻪ روش  Axemﻣﻴﺰان ﺑﻴﺎن ژن 
  .ﻫﺎ اﺳﺘﻔﺎده ﺷﺪ ژﻧﺘﻴﻜﻲ اﻳﺰوﻟﻪ
ﺑﻪ ﻛﻠﻴﺴﺘﻴﻦ ﺣﺴﺎس ﺑﻮدﻧﺪ و ﺑﺮ ﻃﺒﻖ ﻧﺘﺎﻳﺞ ﺣﺎﺻﻠﻪ  ﻫﺎ درﺻﺪ اﻳﺰوﻟﻪ001روش دﻳﺴﻚ دﻳﻔﻴﻮژن ﻧﺸﺎن داد ﻛﻪ :  ﻳﺎﻓﺘﻪ ﻫﺎ
(، % 17/8)(، ﺳﻔﭙﻴﻢ % 37/5(، ﺳﻔﺘﺎزﻳﺪﻳﻢ )% 56/9ﭘﻨﻢ ) وري(، د% 36/5(، ﻣﺮوﭘﻨﻢ )% 46/1ﻣﻴﺰان ﺣﺴﺎﺳﻴﺖ ﺑﻪ اﻳﻤﻲ ﭘﻨﻢ )
( و ﻛﺎرﺑﻨﻲ ﺳﻴﻠﻴﻦ % 77/1(، ﭘﻴﭙﺮاﺳﻴﻠﻴﻦ/ﺗﺎزوﺑﺎﻛﺘﺎم )% 07/6(، ﺳﻴﭙﺮوﻓﻠﻮﻛﺴﺎﺳﻴﻦ )% 46/7(، ﺟﻨﺘﺎﻣﺎﻳﺴﻴﻦ )% 26/9آزﺗﺮوﻧﺎم )
ﺑﻮدﻧﺪ و ﻛﺎﻫﺶ دوﺑﺮاﺑﺮي ﻳﺎ  CpmAآﻧﺰﻳﻢ  داراي ﻧﻤﻮﻧﻪ آﻧﺰﻳﻢ 65(19/8اﻳﺰوﻟﻪ ﻣﻘﺎوم ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ ، ) 16از ﻛﻞ ( ﺑﻮد. % 26/9)
 ATDEاﻳﺰوﻟﻪ ﻣﻘﺎوم ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ در زﻣﺎن اﺳﺘﻔﺎده از  16دادﻧﺪ. در ﺑﻴﻦ ر ﻛﻠﻮﮔﺰاﺳﻴﻠﻴﻦ ﻧﺸﺎن ﻣﻲدر ﺣﻀﻮ CIMﺑﻴﺸﺘﺮ را در 
%(  6/5) 4ﻣﺮﻛﺎﭘﺘﻮﭘﺮوﭘﻴﻮﻧﻴﻚ اﺳﻴﺪ وﺟﻮد -2ﻫﻴﭻ واﻛﻨﺶ ﻣﺜﺒﺘﻲ دﻳﺪه ﻧﺸﺪ و ﻫﻤﻪ ﻧﻤﻮﻧﻪ ﻫﺎ ﻣﻨﻔﻲ ﺑﻮدﻧﺪ در ﺣﺎﻟﻲ ﻛﻪ اﺳﺘﻔﺎده از 
ﺑﻌﻨﻮان ﻣﻬﺎرﻛﻨﻨﺪه ﭘﻤﭗ ﻫﺎي  ﻓﻨﻴﻞ آرژﻳﻨﻴﻦ ﺑﺘﺎ ﻧﻔﺘﻴﻞ آﻣﻴﺪﺣﺎوي آﻧﺰﻳﻢ ﻣﺘﺎﻟﻮﺑﺘﺎﻻﻛﺘﺎﻣﺎز را ﻧﺸﺎن ﻣﻴﺪاد. ﺣﻀﻮر  ﻫﺎياﻳﺰوﻟﻪ
. در ﺗﻤﺎم اﻳﻦ اﻳﺰوﻟﻪ ﻫﺎ ﭘﻤﭙﻬﺎي اﻓﻼﻛﺲ ﻓﻌﺎل ﺑﻮده و  ﻧﺸﺎن داد.اﻳﺰوﻟﻪ ﻣﻘﺎوم ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ   16در  را CIM ﻛﺎﻫﺶ اﻓﻼﻛﺲ
در  CIMﻣﻴﻠﻲ ﻣﻮﻻر ﺳﺒﺐ ﺗﻐﻴﻴﺮ  0/2( در ﻣﺤﻴﻂ در ﻏﻠﻈﺖ 2lCnZي )دارو را ﺑﻪ ﺧﺎرج ﺳﻠﻮل ﭘﻤﭗ ﻣﻲ ﻧﻤﻮدﻧﺪ. ﺣﻀﻮر رو
ﺑﺎ اﻳﻦ ﺣﺎل در ﻏﻠﻈﺘﻬﺎي ﺑﺎﻻﺗﺮ از  . اﻳﺰوﻟﻪ ﻫﺎي ﺣﺴﺎس و ﺳﻮﻳﻪ اﺳﺘﺎﻧﺪارد ﮔﺮدﻳﺪ وﻟﻲ روي اﻳﺰوﻟﻪ ﻫﺎي ﻣﻘﺎوم ﺗﺎﺛﻴﺮي ﻧﺪاﺷﺖ
ﻮر آﻧﺰﻳﻤﻬﺎي ﺣﻀ RCPﻧﺸﺎن ﻣﻲ دادﻧﺪ. واﻛﻨﺶ  CIMﻣﻴﻠﻲ ﻣﻮﻻر ﺳﻮﻳﻪ ﻫﺎي ﻣﻘﺎوم ﻧﻴﺰ ﺗﻐﻴﻴﺮات اﻓﺰاﻳﺸﻲ را در  0/2
 اﻳﺰوﻟﻪ ﻧﺸﺎن داد. 4را در  MDNalbو  MISalb،  MIValb،  PMIalbﻣﺘﺎﻟﻮﺑﺘﺎﻻﻛﺘﺎﻣﺎزي 
اﻳﺰوﻟﻪ  16در  ﻛﻪ ﺑﺪﺳﺖ آﻣﺪ notelgnis 3ﻛﻼﺳﺘﺮ و  9 %( 07)در ﻧﻈﺮﮔﺮﻓﺘﻦ درﺻﺪ ﺷﺒﺎﻫﺖ ﺑﺎ RCP-CIREدر روش  
ﻧﺘﺎﻳﺞ ﺗﻌﻴﻴﻦ ﺗﻮاﻟﻲ ﺗﻐﻴﻴﺮاﺗﻲ  . ﺑﻮدﻧﺪاﻳﺰوﻟﻪ  11ﺑﺎ  6اﻳﺰوﻟﻪ و ﻛﻼﺳﺘﺮ  02ﺑﺎ  8ﻛﻼﺳﺘﺮ  راﻳﺞ ﻣﻘﺎوم ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ ﺷﺎﻳﻌﺘﺮﻳﻦ ﺗﻴﭙﻬﺎي
 noitresnI، اﻟﺤﺎق ﻧﻮﻛﻠﺌﻮﺗﻴﺪﻫﺎ ﺑﺼﻮرت ﺗﻜﻲ و ﻳﺎ اﻟﺤﺎق را ﺑﺼﻮرت ﭘﻠﻲ ﻣﻮرﻓﻴﺴﻢ )ﺟﺎﻳﮕﺰﻳﻨﻲ آﻣﻴﻨﻮ اﺳﻴﺪﻫﺎ( ، ﺣﺬف 
در  Axemﻣﻴﺰان ﺑﻴﺎن ژن اد و دﻧﺸﺎن  1OAPاﺳﺘﺎﻧﺪارد  در ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﺳﻮﻳﻪ در ﺳﻜﺎﻧﺲ ژﻧﻲ ﻧﻤﻮﻧﻪ ﻫﺎي ﺑﺎﻟﻴﻨﻲرا  ecneuqeS
ﺑﻮد ﻛﻪ ﻧﺸﺎن  1OAP( در ﻣﻘﺎﻳﺴﻪ ﺑﺎ ﺳﻮﻳﻪ اﺳﺘﺎﻧﺪارد 2-7ﺑﺮاﺑﺮ ) 2%( ﻧﻤﻮﻧﻪ از اﻳﺰوﻟﻪ ﻫﺎي ﻣﻘﺎوم ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ ﺑﻴﺶ از  24/6)62
 از ﻓﻌﺎﻟﻴﺖ اﻳﻦ ﭘﻤﭗ در اﻳﺠﺎد ﻣﻘﺎوﻣﺖ ﺑﻪ دارو را داﺷﺖ.
   :ﮔﻴﺮي ﻧﺘﻴﺠﻪ
و درﮔﻴﺮي  زﻳﺎد ﺑﻮد اﻳﺰوﻟﻪ ﻫﺎي ﺑﺎﻟﻴﻨﻲدر آﺋﺮوژﻳﻨﻮزا ﭘﺴﻮدوﻣﻮﻧﺎسﻫﺎي  در اﻳﻦ ﺑﺮرﺳﻲ ﻣﻘﺎوﻣﺖ ﭼﻨﺪﮔﺎﻧﻪ در اﻳﺰوﻟﻪ
ﻳﺎﻓﺘﻴﻢ ﻛﻪ در ﻣﻴﺎن ﺗﻤﺎم ﻣﻜﺎﻧﻴﺰﻣﻬﺎﻳﻲ ﻛﻪ  در ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮﻓﺎﻛﺘﻮرﻫﺎي ﻣﺘﻌﺪدي را در اﻳﺠﺎد ﻣﻘﺎوﻣﺖ ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ ﻫﺎ ﻧﺸﺎن داد. 
و در درﺟﺎت ﺑﻌﺪي اﻓﺰاﻳﺶ  Drpoﺗﺨﺮﻳﺐ ﻛﻨﻨﺪه ژن ﭘﺮوﺗﺌﻴﻦ ، در درﺟﻪ اول ﺗﻐﻴﻴﺮات ﮔﺮددﺳﺒﺐ ﻣﻘﺎوﻣﺖ ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ ﻫﺎ ﻣﻲ
ﻫﺎ  LBSEو در ﻧﻬﺎﻳﺖ ﺗﻮﻟﻴﺪ آﻧﺰﻳﻤﻬﺎي ﻣﺘﺎﻟﻮﺑﺘﺎﻻﻛﺘﺎﻣﺎز و  MrpO-BAxeMو اﻓﺰاﻳﺶ ﺑﻴﺎن ﭘﻤﭙﻬﺎي اﻓﻼﻛﺲ  CpmA ﺗﻮﻟﻴﺪ
اي و ﻧﺸﺎن از ﮔﻮﻧﺎﮔﻮﻧﻲ ﺳﻮﻳﻪ ﻫﺎي درﮔﻴﺮ در ﺑﻴﻤﺎرﻳﺰ RCP-CIREﻧﺘﺎﻳﺞ ﺗﺎﻳﭙﻴﻨﮓ  .ﻧﻘﺶ دارﻧﺪﻣﻘﺎوﻣﺖ ﺑﻪ ﻛﺎرﺑﺎﭘﻨﻢ ﻫﺎ را در 
ﻌﻨﻮان ﻳﻚ ﺑﺑﺎ ﺗﻮﺟﻪ ﺑﻪ ﻣﺼﺮف داروﻳﻲ ﻛﻠﻮﮔﺰاﺳﻴﻠﻴﻦ در درﻣﺎن ﻋﻔﻮﻧﺘﻬﺎي اﺳﺘﺎﻓﻴﻠﻮﻛﻮﻛﻲ  . ﻳﻜﺴﺎن ﻧﺒﻮدن اﺳﺘﺮﻳﻨﻬﺎ داﺷﺖ
  ﻫﻤﺮاه ﻧﻤﻮد. CpmAﭘﺴﻮدوﻣﻮﻧﺎﺳﻲ ﺟﻬﺖ ﻣﻬﺎر آﻧﺰﻳﻢ ﺿﺪ ﭘﻴﺸﻨﻬﺎد ﻣﻴﺘﻮان ﻛﻠﻮﮔﺰاﺳﻴﻠﻴﻦ را ﺑﺎ داروﻫﺎي 
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  ﻫﻴﺪروﻛﻠﺮاﻳﺪ: ﻓﻨﻴﻞ آرژﻳﻨﻴﻦ ﺑﺘﺎ ﻧﻔﺘﻴﻞ آﻣﻴﺪ دي *
 
Abstract:  
Background and Objectives    : Pseudomonas aeruginosa is one of the non-fermented gram 
negative bacteria and is one of the most important factors in hospital infection, especially in 
people with immunocompromised system. Carbapenem is used as the most important selective 
drug in the treatment of infections caused by this bacterium in patients. But this bacterium does 
not respond to the treatment by possessing inherent resistance and acquired resistance 
determinant from other organisms.This study was conducted to investigate the innate and 
acquired resistance mechanisms used by bacteria to carbapenems resistance. 
 
Methods: This study was performed on 170 clinical isolates of Pseudomonas aeruginosa in 
Kerman. Antibiotic susceptibility for 11 different antibiotics was determined using disk diffusion 
test. MIC resistant isolates were determined in the presence of four antibiotics: imipenem, 
meropenem, ceftazidime and cefipime alone, and then their MIC was obtained in the presence of 
coloxacillin. Phenotypic detection of metallo-β-lactamase in the presence of EDTA and 2-
mercaptopropionic acid was done by the double disk synergy test. PCR method carried out for 
genotyping detection of metallo-β-lactamase. Detection of efflux pumps was determined in 
presence of imipenem, meropenem, ceftazidime and carbenicillin with/ or without Phe-Arg-β-
naphthylamide dihydrochloride as efflux pump inhibitor. The ZnCl2 role was determined by MIC 
determination in resistance to carbapenems. OprD protein gene sequence was investigated to 
detect the destructive mutations and eventually the level of mexA gene expression was 
determined by Real time PCR method. The clonal relationship of the carbapenem-resistant 
isolates was evaluated by enterobacterial repetitive intragenic consensus-PCR (ERIC-PCR).  
Results: According to the results, the disk diffusion test showed that 100% of isolates were 
sensitive to colistin and the antibiotics resistance rate was as follow: imipenem (64.1%), 
meropenem (63.5%), doripenem (65.9 %), ceftazidime (73.5%), cefepime (71.8%), aztreonam 
(62.9%), gentamicin (64.7%), ciprofloxacin (70.6%), piperacillin/tazobactam (77.1%) and 
carbenicillin (62.9%).Out of 61 resistant isolates to carbapeneme, 56(91/8 %) samples had the 
AmpC enzyme and showed two fold decrease or even more in MIC in the presence of cloxacillin. 
No carbapenem resistant was observed among the 61 isolates using EDTA,  while 2-
mercaptopropionic acid showed 4 (6.5%) isolates containing  metallo-β-lactamase enzyme.The 
Presence of Phe-Arg-β-naphthylamide dihydrochloride showed a reduction in MIC in 61 
carbapenem resistant isolates as the efflux pumps inhibitor. All of isolates showed active efflux 
pumps. The Presence of zinc (ZnCl2) in the culture at 0.2 mM concentration changed MIC among 
sensitive isolates and also standard species but had no effect on the resistant isolates. However, at 
concentrations higher than 0.2 mM, resistant strains also showed an increasing in MIC. PCR 
reaction demonstrated the presence of metallo-β-lactamase genes including blaIMP, blaVIM , blaSIM 
and blaNDM in 4 isolates. 9 clusters and 3 singletons were extracted by using ERIC-PCR method 
and considering the cut off value (70%). The most common types were eight cluster with 20 
isolates and six cluster with 11 isolates among the 61 isolates resistant to carbapenem. The result 
of sequencing showed that all isolates had mutation in oprD gene and changes as polymorphism 
(amino acids replacements), deletion, insertion of one nucleotid or insertion of insertionals 
sequences in gene sequence of clinical samples in comparison to standard species PAO1. The 
expression levels of mexA in 26 (42.6%) resistant isolates to carbapenem was twice as much 
comparing to PAO1 which means the activity of the efflux pumps played an  important role in the 
appearance of the resistance. 
Conclusion:  In this study, multiple resistance in Pseudomonas aeruginosa isolates was high in 
clinical isolates. Multiple factors were involved in occurrence of resistance. We  found that 
among all resistance mechanisms  to carbapenems , oprD genes had destructive changes as the 
most important factor and then increasing of AmpC production, overexpression of MexAB-OprM 
and production of metallo-β-lactamases and  ESBL had a significant effect on carbapenem 
resistance.  ERIC-PCR typing showed a variety of species involved in pathogenesis and 
heterogeneity. Considering cloxacillin as the treatment for staphylococcus aureus infections, 
cloxacillin could be accompanied with antipseudomonas drugs for inhibition of AmpC enzyme.  
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